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ABSTRACT
INTERFACIALLY POLYMERIZED THIN FILM COMPOSITE MEMBRANES
ON MICROPOROUS POLYPROPYLENE SUPPORTS FOR REVERSE
OSMOSIS DESALINATION
by
Chao Li
The important technique of interfacial polymerization (IP) is used to fabricate thin film composite
(TFC) membranes. In experiments here, microporous polypropylene (PP) flat film membranes
were used as a support for fabricating TFC membranes for reverse osmosis by the IP technique.
Substantial chemical, pH, and solvent resistance is provided by porous polypropylene
membranes. Therefore, it is reasonable to choose porous polypropylene membranes as supports to
fabricate TFC membranes for reverse osmosis.
The external and the pore surfaces of polypropylene flat film membrane were hydrophilized
first by pre-wetting with acetone, then oxidized with chromic acid solution kept at 65°C. Next, the
procedure to successfully coat the hydrophilized flat film membranes was implemented.
Poly(ethyleneimine) (PEI) and isophthaloyl dichloride (IPD) were chosen as the reaction
monomers for IP. Pressure dependences of the solvent flux and solute rejection of the TFC
membranes were studied using the modified flat sheet membranes up to a pressure of 650-850
KPa. The TFC membranes were characterized by reverse osmosis based removal of sodium
chloride (MW 58.44) in water. A rejection value of 89.43 % was achieved for sodium chloride at
a pressure of 850 KPa. Solvent flux increased linearly with an increase in the transmembrane
pressure. An increase in the transmembrane pressure also results in an improvement of sodium
chloride rejection. Higher concentration and more reaction time for the monomeric system yields
membranes with salt higher rejection.
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CHAPTER 1
INTRODUCTION

1.1 General Background
In recent years, membranes and membrane processes have become industrial products of
substantial technical and commercial importance. Membrane separation and purification
activities are vital to a broad array of industries and technologies, such as chemical,
petrochemical, pharmaceutical, biotechnology, textile, desalination, food and beverage
industries. These activities may be carried out by reverse
o smo sis/nanofiltration/ultrafiltration/microfiltrati on.
Nowadays, desalination of sea and brackish water in industry is playing an
important role in providing sustainable sources of fresh water for lots of communities in
the earth. "Approximately 56.5% of the world's desalination systems use RO membrane
technologies. This percentage has been increasing steadily over the past 10 years due to the
increasing popularity of membrane desalination, which is driven by remarkable advances
in the membrane separation and energy recovery technologies and associated reduction of
the overall water production costs" (Li et al., 2008).
Many RO desalination plants with widely varying capacities and feed waters have
been installed in various locations around the world. These plants use various pretreatment
schemes, membranes, and membrane configurations. Such RO desalination plant is shown
in Figure 1.1. In this thesis, much work has been done on the RO part.
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Figure 1.1 Schematic for a RO desalination plant. (Sirkar, 2009)

The normal operation of the desalination treatment facility would require the
continuous use of the following chemicals:
Chlorine for Purification and Disinfection
Usually, it is used to kill bacteria and other microbes in water supplies.
Coagulant (Ferric Sulfate) to Remove suspended impurities and colloids and
Chlorine
Coagulant addition is used to remove suspended impurities and colloids. The
addition of sulfate to the seawater would enhance removal of seawater solids and would
generate a small amount of sulfates. "The coagulating ability of the active element is
generally increased by its hydrolysis" (Kuusik and Viisimaa, 1999).
Sulfuric Acid for Seawater Alkalinity Adjustment
Seawater pH is limited to the range 7.5 to 8.4. A pH of 7.0 is neutral. In order to
make the natural seawater more neutral, sulfuric acid would be added (less aggressive and
corrosive to the equipment) before membrane treatment. Then, two environmentally safe
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products, water and sulfates, are created by the added sulfuric acid reacts with the seawater
(Thomas, Abdulrahman and Ata, 1992).
Lime for Product Water Alkalinity and Softness Adjustment
Lime is added to increase product water alkalinity to a desirable standard for
drinking. Lime addition for alkalinity adjustment and water distribution system corrosion
control is very widely used at many desalination water treatment plants. Moreover, added
lime and carbon dioxide would not be discharged to the ocean. Therefore, it can solve the
problem that water produced by RO desalination system is too soft to drink directly.

1.2 Reverse Osmosis Membrane Preparation, Structures and Properties
Reverse osmosis (RO) is a filtration method that removes many large molecules and ions
from solutions by applying pressure to the solution on the side of higher concentration. The
pure solvent is allowed to pass to the other side and the solute is retained on the pressurized
side of the membrane. Although this membrane should not allow large molecules or ions
through the pores, it should let smaller molecules in the solution (such as the solvent) to
pass freely. Compared with other membrane filtration, RO allows molecules to pass
through it, when the molecular weight is under 200 Daltons (shown in Figure 1.2).
Recently, low-pressure RO membrane desalination has been developed
successfully as a viable technology for drinking water from desalination of brackish water.
Improvements have been made in membrane materials to make them more pH,
temperature, and chlorine resistant than the traditional cellulose acetate membranes. The
capability of membranes to separate organic and inorganic solutes simultaneously from
aqueous systems without phase change offers substantial energy savings and flexibility in
the design of separation processes. Noncellulosic, thin-film composite (TFC) membranes
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with better flux performance and enhanced separations of organics under lower operating
pressure have been developed by industry (Pontie et aI., 2008).
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Figure 1.2 Membrane Filtration (Koch Membrane Systems, 2004).

Reverse osmosis membrane separation is determined by the characteristic of the
membrane used in the process. These properties depend on the chemical nature of the
membrane material as well as its physical structure. Properties for the ideal RO membrane
include: it is resistant to microbial/chemical attack, and remains structurally and
m€GhaniGally- stabl{H.lV€r leng- ruIUling p€riods.-Mor€ev€r, these

prop€rti€s-al-so-hav~the

desired separation characteristics for each special system. However, few membranes
satisfy all these criteria. Therefore, it must be made to select the most suitable RO
membrane available for each application (Kesting, 1985).
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Currently most available RO membranes fall into two categories: asymmetric
membranes containing one polymer; thin film composite membranes consisting of two or
more polymer layers.
Asymmetric RO membranes contain a very thin, permselective skin layer
supported on a more porous sublayer of the same polymer (see Figure 1.3a). The dense
skin layer determines the fluxes and separation characteristics of these membranes.
Meanwhile, the porous sublayer serves only as a mechanical support for the skin layer and
has little effect on the membrane separation properties. Since the skin layer is very thin
(from 0.1 to 1 μm), the membrane resistance to water transport (which is proportional to
the dense skin thickness) is much lower. Therefore, water flux through such membrane is
much higher than those through comparable symmetric membranes (William, 2003).
Thin film composite membranes have a thin polymer barrier layer formed on one or
more porous support layers (mostly a different polymer from the surface layer). A
schematic of this type of membrane is shown in Figure 1.3b. The surface layer determines
the flux and selectivities of the membrane. The only effect of the porous backing is just a
support for the barrier layer, so it has almost no effect on membrane transport properties.
The barrier layer is even much thinner than that of asymmetric membrane (0.1 μm or less),
thus allowing high water fluxes (Cadotte et al., 1981; Lonsdale, 1987; Baker, 1990;
Strathmann, 1990; Petersen & Cadotte, 1990).

6

Figure 1.3 Schematic of (a) Asymmetric Membrane and (b) Thin-Film Composite
Membrane (William, 2003).

The most important thin film composite membranes are made by interfacial
polymerization. A porous membrane is coated with a polymer or monomer and then
reacted with a cross-linking agent. A cross-linked and dense polymer layer turns out to be
formed at the solution interface. Due to the cross-linking reaction occuring mostly at the
solution interface, the resulting barrier layer becomes extremely thin, A less cross-linked,
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more permeable layer forms under the surface layer and fills the pores of the support
membrane (Baker, 1990; Petersen and Cadotte, 1990; Cabasso, 1987; Strathmann, 1990;).
These thin, highly cross-linked polymer membranes have much higher selectivities and
water fluxes compared to the asymmetric type since the barrier layers of the composite
membranes are usually much thinner than those of the asymmetric membranes.
A recent development in the field of RO membrane separations is nanofiltration (or
"loose RO") membranes. These membranes turn out to have much higher water fluxes at
low pressures compared to traditional RO membranes. "Nanofiltration membranes are
usually charged (carboxylic groups, sulfonic groups, etc.), and, as a result, ion repulsion
(Donnan exclusion) is the major factor in determining salt rejection; that is, more highly
charged ions such as SO42- are more highly rejected than monovalent ions such as C1 by a
negatively-charged nanofiltration membrane" (William, 2003). Moreover, these
membranes also have good rejections of organic compounds, whose molecular weights are
above 200 to 500. Most importantly, nanofiltration membranes are made by interfacial
polymerization (Eriksson, 1988; Cadotte et al., 1988; Williams et al., 1992).

1.3 RO Membrane Desalination
Reverse osmosis desalination uses high pressure to force water through the pores of a
semi-permeable membrane and remove metal ions and other particles. Water molecules
under pressure pass through these pores, but salt ions and other impurities find it difficult to
pass through. Figure 1.4 shows how RO membrane makes highly pure water.
Desalination is a separation process used to reduce the dissolved salt content of
saline water to a potable level. The product water of the desalination process is generally
water with less than 500 ppm dissolved solids, which is suitable for most domestic,

8
industrial, and agricultural uses. All desalination processes involve three liquid streams:
the saline feedwater (brackish water or seawater), low-salinity product water, and very
saline concentrate (brine or reject water). In this thesis, desalination experiments are
carried out in the range of brackish water.

Figure 1.4 Principle of RO membrane.

1.4 Significance of Coating Techniques

1.4.1 Interfacial Polymerization
Interfacial polymerization takes place at the interface between two immiscible phases, like
an aqueous phase and a hexane phase. Each such phase is a solution containing a dissolved
monomer. Polyamide is the reaction product forming a selective layer of the membrane by
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monomers such as a diamine and a diacyl chloride (See scheme below). The monomer
concentrations and reaction time define the porosity, thickness of the selective layer and
pore size.

Two reactive monomers are dissolved separately in immiscible liquids; rapid
reaction occurs only at the interface between these two solutions, creating a thin polymer
film. In the case of acid chloride and amine derivatives, a polyamide film is created. As the
polymerization reaction proceeds, the interfacial film becomes a barrier that slows further
reaction; hence interfacial polymer films can be exquisitely thin (10 - 100 nm) (Korikov,
Kosaraju and Sirkar, 2006).

1.4.2 PEI Self-Crosslinking
Ring opening polymerization of ethyleneimine forms poly(ethyleneimine). PEI has a
substantial degree of branching and a ratio of primary secondary tertiary amines as 3:4:3.
Poly(ethyleneimine) is a multifuncational amine and was used to prepare the NS-100 RO
membrane. This polyfunctional amine has a high free energy of adhesion, which allows its
use in a variety of applications such as adhesives, flocculating agents, ion exchange resins,
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absorbent and so on. It was also used for surface treatment of polymers, including PP with
preliminary surface modification by air corona discharge. At a temperature of 110 °C,
internal crosslinking of PEI takes place via ammonia elimination from adjacent amino
groups (Kosaraju and Sirkar, 2007).

1.5 Support Membrane

Because polypropylene (PP) flat film membrane has high durability and resistance to
chemicals, pH variations and a substantially wide range of solvents, it becomes an
important material as a support for forming a thin film composite membrane. The PP flat
film membranes used in this study are from Celgard Inc. (Charlotte, NC). Celgard Inc.
developed the technology of making microporous PP membranes by melt stretch
extrusion. Celgard PP membranes are probably the highest quality microporous PP
membranes available. They are symmetric membranes with elliptical pores, the average
pore size is 0.042 μm by 0.117 um with the membrane thickness equal to 25 um and
volume porosities ranging from 30% to 40% as reported. Figure 1.4 shows the ellipitical
pore structure of Celgard 2400 PP flat film membranes. Compared with ultrafiltration
membranes, microfiltration membranes as a support can increase the solvent flux of TFC
membranes. Therefore, it can be operated at lower pressures to achieve reasonable fluxes.
Since polypropylene is hydrophobic, the polypropylene support has to be hydrophilized to
fabricate a TFC membrane (Korikov et al., 2006).
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Figure 1.4 Surface of flat non-modified PP film (Korikov et ai., 2006).

Although lots of thin film composite membranes are based on polysulfone or
polyethersulfone, these supports have limited stability in organic solvents. Since porous
polypropylene membranes can provide substancial chemical, pH, and solvent resistance, it
is suitable as a support for fabricating TFC membranes. In our lab, a lot of work has been
done on this support. Through changing the monomer concentrations, reaction time and
drying method, ultrafiltration, nanofiltration and reverse osmosis membrane have been
developed with the following monomers: Polyethyleneimine and iso-phthaloyl dichloride.

CHAPTER 2
EXPERIMENTAL

2.1 Membrane, Chemicals and Instruments

2.1.1 Membranes
Support membranes used in the study are as follows:
•

Celgard 2400 polypropylene flat film membrane-25 mm thick, porosity 37%, pore size
0.117μmx0.042μm (Celgard, Charlotte, NC).

2.1.2 Chemicals
•

N2 high purity (Welco CGI, Newark, NJ)

•

Iso-phthaloyl dichloride (99% purity, Sigma—Aldrich, St. Louis, MO)

•

Potassium dichromate (99.5% purity, Sigma—Aldrich, St. Louis, MO)

•

Acetone (99% purity, Fisher Scientific, Suwanee, GA)

•

Sulphuric acid (95.7% purity, purity A.C.S. reagent, Sigma—Aldrich, St. Louis, MO)

•

Sodium chloride (Fisher, Fair Lawn, NJ)

•

Poly(ethyleneimine) 50% (w/v) in water with polymer average MW between 50,000
and 60,000 (Fisher Scientific, Suwanee, GA) (Sigma—Aldrich, St. Louis, MO)

•

Solvents used in the study were methanol and xylene (Fisher, Fair Lawn, NJ)

•

Water was deionized by Barnstead 5023 (Barnstead, Dubuque, Iowa).

2.1.3 Instruments
•

Scanning electron microscope (Model Leo 1530)
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• Conductivity meter (Model Orion 115+, Thermo, Vernon Hills, IL).

2.1 Membrane Modification

2.1.1 Optimized Coating Procedure

Polypropylene flat film membranes were hydrophilized by oxidizing with various
concentrations of chromic acid solutions. Chromic acid solution for hydrophilization of
flat PP films was prepared by slow mixing of K2Cr2O7 with H20 and H2SO4 in the
proportion of 1:19:29.4 by weight. Then flat films were immersed in acetone for 15 min
and subsequently dipped into a pan with chromic acid solution. The pan was covered with
a glass plate and placed in an oven at 65 ° C for 18 min, then dipped into a new pan with
chromic acid solution for another 18 min. Flat films so modified as shown in Figure 2.1
were kept under water overnight and then modified by IP as described below. (Korikov et
al., 2006).

Figure 2.1 Surface of flat PP film hydrophilized by chromic acid treatment (Korikov et al.,

2006).
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2.2.2 Coating Flat PP Membrane by IP
A flat PP membrane previously oxidized by chromic acid solution was soaked in an
aqueous solution of polyethyleneimine (PEI) having a concentration varying between 1.25
and 1.5 wt% for about 20 min. Then this membrane should be transfered to another
aqueous solution of PEI having the same concentration for another 20 min. Subsequently,
the treated membrane was drained, placed and secured on a cylindrical
polytetrafluoroethylene (PTFE) roller support (Figures 2.2 and 2.3) and further reacted
with a xylene solution of iso-phthaloyl dichloride having a concentration varying between
1.25 and 1.5 wt%. The interfacial polymerization reaction time was varied between 10 s
and 5 min. Flat films so modified were kept under room temperature overnight. (The
membrane turned out to be much denser). And then the membranes so modified were
placed in an oven at 110 ° C, heat treated for about 20 min, detached from the PTFE roller
support and kept under ambient air conditions. Then, modified membrane should soak in
the methanol for 10 min to remove excess xylene.

Figure 2.2 Clamping the flat membrane on PTFE roller.
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Figure 2.3 Polymerization on the flat membrane in the organic monomer containing
solution bath.
2.3 Experimental Apparatus

Membrane cell, magnetic stirring plate and back pressure regulator are shown in Figure
2.4. Separation experiements were carried out in a pressure cell consisting of a 300 cm 3 ,
316 stainless steel cylindrical body provided with high pressure-resistant couplings (up to
1000 psig), placed on a variable-speed stirring plate. The diameter of membrane was 4 cm,
then the effective membrane area was 12.56 cm 2 . Then it was placed on top of a 0.16 cm
thick, 20 pm porous stainless steel support disk. The hold-up volume underneath the
porous support was 1 cm 3 .
"Stirring was provided by means of a teflon-coated magnetic stir bar mechanism
supported on a rim in the internal wall of the cell body.The custom-made permeate tube
consisted of a 5 cm long, 1/8 in. diameter, stainless steel removable tube bent at its end to
facilitate permeate collection. The original, 14 cm long, 1/8 in. diameter, stainless steel
tube was welded to the permeate orifice at the tapered base of the cell and was replaced
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with a Swagelock® 1/8 in. female pipe connector for safer operation and easier cleaning.
Wetted sealing parts, such as 0-rings and gaskets were made of ethylene propylene (EP) to
ensure resistance to methanol. A 1/4 in. diameter inlet tube was provided at the top of the
cell."

Figure 2.4 Membrane cell on a magnetic stirring plate and back pressure regulator.

"Feed solution was pressurized by compressed N2 (extra dry); the pressure was
controlled by a pressure regulator. A pressure gauge, attached to the inlet line, allowed
convenient readings of the system pressure. Check valves, ball valves, a back pressure
regulator (range 345-4826 KPa (50-700 psig), from Matheson, E. Rutherford, NJ) and an
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externally adjustable relief valve (set manually at 3240 KPa (470 psig), from Crum,
Mountainside, NJ), completed the setup. All wetted sealing parts in the valves were made
of EP. A schematic of the laboratory setup is shown in Fig.2.5" ( Whu et al., 2000).

Fig 2.5 Schematic diagram of laboratory setup (Whu et al., 2000).

2.4 Conductivity Meter
An electrical conductivity meter measures the electrical conductivity in a solution. These
are commonly used in hydroponics, aquaculture and freshwater systems to monitor the
amount of nutrients, salts or impurities in the water. The electrodes are cylindrical and
arranged concentrically. The electrodes are usually made of platinum metal.
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Conductivity is the ability of a material to conduct electric current. The principle by
which the instrument (Figure.2.6) measures conductivity is simple—two plates are placed
in the sample, a potential is applied across the plates (normally a sine wave voltage),
inverse of resistivity (R), is determined from the voltage and current values according to
Ohm's law:

Figure 2.6 Conductivity meter (Model Orion 115+, Thermo, Vernon Hills, IL).

Since the charge on ions in solution facillitates the conductance of electrical
current, the conductivity of a solution is proportional to its ion concentration. Figure 2.7
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shown here illustrates the relationship between conductivity and sodium chloride
concentration. Notice that the graph is linear.
The concentrations of Na + and CF electrolytes in the collected water solution, were
obtained by measuring the conductivities of the solution for a linear relationship between
the concentration and conductivity of NaCI solution.

Figure 2.7 Graph of the relation between the concentration and conductivity of NaCl
solution.
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2.5 Sodium Chloride Rejection
All tests for thin film composite RO membranes performance were conducted at 650 KPa,
750KPa and 850 KPa using a 2000 ppm NaCl solution at room temperature by using the
test cell shown. Circular membrane samples were placed in the test apparatus with the
active skin layer facing the feed water. The effective membrane area was around
12.56 cm2 .
The permeating volume collected for 30 min was used to describe flux in terms of
cm3 /cm2 -sec. A standardized conductivity meter was used to measure the salt (NaCl
concentrations in the feed and product water for determining membrane selectivity as
given below
% rejection = { 1-(C p/Cf} * 100%

(2.2)

Cf: sodium chloride concentration on the feed side.
C p : sodium chloride concentration on the permeate side.

2.6 Drying Method
As the dryer reaches a high temperature, it is mostly possible for the drying process to
introduce small bubble into the film. Bubbles are spot defects where the contaminant is a
gas such as air in the coating solution, and not a solid or an incompatible liquid. With a high
temperature in the dryer and a volatile solvent, the temperature of the film may approach
the boiling point of the solvent and for bubble of solvent vapor to form.
All of these bubbles will grow as the gas expands and then will break through the
film surface. Therefore, ambient drying like keeping at the room temperature turns to be
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easier to avoid these defects. Ambient drying caused the greatest shrinkage of the flat film
membrane that made the non-porous membrane become denser (Gutoff & Cohen, 2006).

CHAPTER 3
RESULTS AND DISCUSSION

3.1 Rejection and Flux Changes with Time

Membrane was coated with 1.5 wt% PEI and 1.5 wt% IPD monomers for 5 min. The
effective pressure on the feed side is 850 KPa. Solvent stability of such a coated membrane
was studied and the results are presented in Figure 3.1. The rejection was around 89.43%,
while the flux was stable at 1.24*10 -4 (cm 3 /cm2/sec). Both solvent fluxes and rejection of
salt were stable for an experimentally studied period of 4 days indicating that the coated
membranes were stable in the saline solution.

Figure 3.1 Solvent stability of the coated PP flat film membrane (coated with 1.5 wt%
monomers for 5 min) at 850 KPa.
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3.2 Rejection and Flux Changes with Pressure
In these experiments, the monomer concentrations studied were 1.25 wt% and 1.5 wt%.
The reaction time was varied from 10 s to 5 min. All membranes were studied at 650 KPa,
750 KPa and 850 KPa. Salt rejections and water fluxes under different pressures for a flat
film membrane of PP coated with different modifications are shown below. Increasing the
pressure from 650 KPa to 850 KPa, rejection of salt increased from 80.12% to 81.92%,
while flux increased from 1.95*10 4 to 2.3*10 4 (cc/cm 2 -sec). (Table 3.l) Rejection here is
the average of all results obtained in 4 days. All rejection and flux values were almost the
same during the whole procedure. The effect of applied pressure on the solute rejection in
the flat film membranes of PP coated with 1.25 wt% of PEI and 1.25 wt% of IPD for 10s is
shown in Figure 3.2.
As the pressure was increased, flux and rejection increased slightly with the
pressure. Since flux increases with pressure, permeate water flow rate increases and
sodium chloride concentration in permeate side decreases. According to the equation of
rejection mentioned in Section 2.5, rejection of salt should increase.
Table 3.2 provides data for 1.5 monomer wt% with 10 seconds reaction time while
Table 3.3 provides data for 1.5 monomer wt% with 2 minute reaction time. Table 3.4
provides the data for 1.5 monomer wt% with 5 minute reaction time. The graphical
presentations of the corresponding data are provided in Figures 3.3, 3.4 and 3.5
respectively.
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Table 3.1 Monomer wt%1.25 (10 s)
Rejection (%)

Flux*104(cc/cm2-sec)

850

81.92

2.3

750

80.97

2.12

650

80.12

l.95

Pressure (KPa)

Figure 3.2 Effect of applied pressure on the salt rejection in water solution for a flat film
membrane of PP coated with l.25 wt% of PEI and 1.25 wt% of IPD for 10 sec.
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Table 3.2 Monomer wt% l.5 (10 s)
Pressure (KPa)

Rejection (%)

Flux*104(cc/cm2-sec)

850

85.37

2.12

750

84.6

l.95

650

84.13

l.77

Figure 3.3 Effect of applied pressure on the salt rejection in water solution for a flat film
membrane of PP coated with l.5 wt% of PEI and 1.5 wt% of IPD for 10 sec.
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Table 3.3 Monomer wt% 1.5 (2 min)
Pressure (KPa)

Rejection (%)

Flux* 10 4 (cc/cm2-sec)

850

87.28

1.68

750

86.77

l.6

650

86.49

l.5

Figure 3.4 Effect of applied pressure on the salt rejection in water solution for a flat film
membrane of PP coated with l.5 wt% of PEI and l.5 wt% of IPD for 2 min.
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Table 3.4 Monomer wt% 1.5 (5 min)
Pressure (KPa)

Rejection (%)

Flux*104(cc/cm2-sec)

850

89.43

1.24

750

89.26

1.15

650

89.06

l.06

Figure 3.5 Effect of applied pressure on the salt rejection in water solution for a flat film
membrane of PP coated with l.5 wt% of PEI and 1.5 wt% of IPD for 5 min.
The modification conditions of the flat film membrane along with the coating
characteristics studied for water solution of sodium chloride and the desalination results
are shown in Table 3.5. This table illustrates the behavior of the solute rejection and the
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solvent flux with an increase in the monomer concentrations employed during the
fabrication of the coating. Rejection of sodium chloride in the membrane prepared with
1.25 wt% of monomers in 10 sec was 81.92%. With an increase in the concentrations of the
monomers used for coating to 1.5 wt%, the rejection of sodium chloride was increased to
85.37%. As the concentrations of the monomers for IP increase, the pore size of the coating
will decrease. Hence, membranes were fabricated using higher monomer concentrations
and employing the optimized procedure that was developed for fabrication of the reverse
osmosis membranes.

Table 3.5 The Dependence of Solute Rejection and The Solvent Flux on Monomer
Concentrations used for the Coating on Flat Film Membrane (Reaction Time 10 sec)
Concentration of reactants

Pressure

Salt solution
Rejection(%)

1.25 wt% PEI
1.25 wt% IPD

1.5 wt% PEI
1.5 wt% IPD

Water flux* 10 4 (KPa)
( cm3 /(cm2 s) )

850

81.92

2.3

750

80.97

2.12

650

80.12

1.95

850

85.37

2.12

750

84.6

1.95

650

84.13

l.77

Rejection of salt was further improved with more reaction time. The modification
conditions of the flat film membrane along with the coating characteristics studied for
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water solution of sodium chloride are shown in Table 3.6. When reaction time was
increased to 2 min and 5 min, the coating became much thicker. The rejection for such
membrane reached 86.26% and 89.43% with thicker coating (Table 3.6). Thus, the solvent
flux was gradually reduced with an increase in the monomer reaction time used for the
coating.

Table 3.6 Solute Rejection and Solvent Flux for 1.5 wt% Monomer Concentration with
Different Reaction Times
Reaction Time

Pressure
(KPa)

Sodium chloride
Rejection(%)

10 sec

850
750
650

85.37
84.6
84.13

2.12
1.95
1.77

2 min

850
750
650

87.28
86.77
86.49

l.68
1.60
1.50

5 min

850
750
650

89.43
89.26
89.06

1.24
1.15
1.06

Water flux* 10``
( cm 3 /(cm2 s))

From Tables 3.5 and 3.6, rejection of salt has relationship with monomer concentration,
pressure and time of interfacial polymerization. Figure 3.6 illustrates the reaction time
dependence of water flux and salt rejection at 850 KPa.
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Figure 3.6 At 850 KPa, rejection and flux for reaction time at 10 sec, 2 min and 5 min.

CHAPTER 4
CONCLUSIONS

Polypropylene (PP) support was hydrophilized on a preliminary basis by pre-wetting the
membranes with acetone, followed by the oxidation with a hot chromic acid solution. This
technique allowed achievement of uniform hydrophilization of both the pore mouth and
the interior of the hydrophobic support.
Reverse osmosis membranes in flat film forms were successfully prepared by
interfacial polymerization on porous polypropylene supports. Only a limited variation in
pore size of the coating could be achieved by varying the concentrations of the monomers
for the studied reactive monomer system of PEI-IPD. Rejection value of 89.43% was
achieved for sodium chloride at 850 KPa in such flat film membrane coated for 5 min with
1.5 wt% concentrations of PEI-IPD. The reactive monomer system of PEI-IPD produced a
very smooth coating and this is likely to reduce membrane fouling.
With different drying method, pore size of the membrane in the same condition
turns to be greatly different. Natural drying method caused the greatest shrinkage of the flat
film membrane that made the non-porous membrane become denser.
In the future, higher concentration and better drying method should be developed to
make better reverse osmosis membrane, which has higher rejection and flux.
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APPENDIX
TABLES OF ORIGINAL EXPERIMETNAL DATA

Original data shows total volume collected in the permeate side and the permeate
concentration under different concentrations and reaction times.
Flux=Total Volume Permeated/ (Time* 60)/12.56
Rejection=(1-(permeate/initial concentration))*100%

1.25 monomer wt% (10 s) at 850 KPa
Experimental

Total Volume

Permeate

Flux* 10 4

Permeate

Rejection

Time (min)

Permeate (ml)

collection

(cc/cm2-sec)

(ppm)

(%)

2.300071
2.300071
2.300071
2.300071
2.300071
2.300071

360
415
429
451
468
604

82
81.93363
81.97917
81.88705
81.96421
81.78803
81.92535

Time (min)
85
102
147
201
248
489

2.6
2.6
2.6
2.6
2.6
2.6

15
15
15
15
15
15

1.25 monomer wt% (10 s) at 750 KPa
Experimental

Total Volume

Permeate

Flux* 10 4

Permeate

Rejection

Time (min)

Permeate (ml)

collection

(cc/cm2-sec)

(ppm)

(%)

2.123142
2.123142
2.123142
2.123142
2.123142

400
413
429
450
559

81.03728
81.05852
81.07758
80.82601
80.84037

Time (min)
80
127
180
225
473

2.4
2.4
2.4
2.4
2.4

15
15
15
15
15

80.96795
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1.25 monomer wt% (10 s) at 650 KPa
Experimental

Total Volume

Permeate

Flux*104

Permeate

Rejection

Time (min)

Permeate (ml)

collection

(cc/cm2-sec)

(ppm)

(%)

1.946214
1.946214
1.946214
1.946214
1.946214

398
482
498
545
638

80.21706
80.23286
80.07466
79.94616
80.15401
80.12495

Time (min)
10
50
90
218
439

2.2
2.2
2.2
2.2
2.2

15
15
15
15
15

1.5 monomer wt% (10 s) at 850 KPa
Experimental

Total Volume

Permeate

Flux*104

Permeate

Rejection

Time (min)

Permeate (ml)

collection

(cc/cm2-sec)

(ppm)

(%)

2.123142
2.123142
2.123142
2.123142
2.123142

363
393
462
515
645

85.36178
85.4584
85.38732
85.2851
85.33764
85.36605

Time (min)
85
128
170
208
248

2.4
2.4
2.4
2.4
2.4

15
15
15
15
15

1.5 monomer wt% (10 s) at 750 KPa
Experimental

Total Volume

Permeate

Flux*104

Permeate

Rejection

Time (min)

Permeate (ml)

collection

(cc/cm2-sec)

(ppm)

(%)

1.946214
1.946214
1.946214
1.946214
1.946214

320
334
347
358
429

84.59555
84.50527
84.60078
84.49825
84.82294
84.60456

Time (min)
60
116
180
214
462

2.2
2.2
2.2
2.2
2.2

15
15
15
15
15

34
1.5 monomer wt% (10 s) at 650 KPa
Experimental

Total Volume

Permeate

Flux*104

Permeate

Rejection

Time (min)

Permeate (ml)

collection

(cc/cm2-sec)

(ppm)

(%)

1.769285
1.769285
1.769285
1.769285
1.769285

320
367
376
404
462

84.0897
84.08085
84.0687
84.10763
84.32072
84.13352

Time (min)
10
50
90
210
420

2
2
2
2
2

15
15
15
15
15

1.5 monomer wt% (2 min) at 850 KPa
Experimental

Total Volume

Permeate

Flux*104

Permeate

Rejection

Time (min)

Permeate (ml)

collection

(cc/cm2-sec)

(ppm)

(%)

1.680821
1.680821
1.680821
1.680821

256
271
294
310

87.28643
87.36639
87.20712
87.32523
87.28643

Time (min)
70
140
268
375

1.9
1.9
1.9
1.9

15
15
15
15

1.5 monomer wt% (2 min) at 750 KPa
Experimental

Total Volume

Permeate

Flux*104

Permeate

Rejection

Time (min)

Permeate (ml)

collection

(cc/cm2-sec)

(ppm)

(%)

1.592357
1.592357
1.592357
1.592357
1.592357

265
283
299
318
343

86.83947
86.8007
86.79384
86.76205
86.66265
86.77174

Time (min)
67
149
258
369
488

1.8
1.8
1.8
1.8
1.8

15
15
15
15
15
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1.5 monomer wt% (2 min) at 650 KPa
Experimental

Total Volume

Permeate

Flux*104

Permeate

Rejection

Time (min)

Permeate (ml)

collection

(cc/cm2-sec)

(ppm)

(%)

1.503892
1.503892
1.503892
1.503892
1.503892

273
294
321
360
417

86.44217
86.53232
86.54364
86.47921
86.43717
86.4869

Time (min)
65
130
252
387
540

15
15
15
15
15

1.7
1.7
1.7
1.7
1.7

1.5 monomer wt% (5 min) at 850 KPa
Experimental

Total Volume

Permeate

Flux* 10 4

Permeate

Rejection

Time (min)

Permeate (m1)

collection

(cc/cm2-sec)

(ppm)

(%)

Time (min)
First Day
50
137
275
388
590
Second Day
830
1130
Third Day
1430
1670
Forth Day
1910

2.8
2.8
2.8
2.8
2.8

30
30
30
30
30

1.2385
1.2385
1.2385
1.2385
1.2385

212
220
235
246
271

89.47157
89.54847
89.42787
89.44393
89.3824

2.8
2.8

30
30

1.2385
1.2385

304
374

89.45376
89.14861

2.8
2.8

30
30

1.2385
1.2385

452
575

89.52529
89.44038

2.8

30

1.2385

786

89.4676
89.43099
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1.5 monomer wt% (5 min) at 750 KPa
Experimental

Total Volume

Permeate

Flux*104

Permeate

Rejection

Time (min)

Permeate (m1)

collection

(cc/cm2-sec)

(ppm)

(%)

1.150035
1.150035
1.150035
1.150035
1.150035

216
228
250
264
270

89.27292
89.29187
89.28842
89.21785
89.25216
89.26465

Time (min)
60
180
423
540
600

2.6
2.6
2.6
2.6
2.6

30
30
30
30
30

1.5 monomer wt% (5 min) at 650 KPa
Experimental

Total Volume

Permeate

Flux* 10 4

Permeate

Rejection

Time (min)

Permeate (ml)

collection

(cc/cm2-sec)

(ppm)

(%)

1.061571
1.061571
1.061571
1.061571

220
232
253
276

89.07427
89.05895
89.00351
89.04814
89.04622

Time (min)
60
183
420
660

2.4
2.4
2.4
2.4

30
30
30
30
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